INTRODUCTION {#sec1-1}
============

Laparoscopic cholecystectomy became the standard surgery for gallstone disease because of causing less postoperative pain, respiratory compromise and early ambulation compared with open cholecystectomy.\[[@ref1][@ref2][@ref3]\] Laparoscopic cholecystectomy is usually performed under general anesthesia with tracheal intubation to avoid aspiration and respiratory complications secondary to the induction of pneumoperitoneum.\[[@ref4]\] Recent evidence suggests that regional block such as low thoracic epidural,\[[@ref5]\] spinal,\[[@ref6]\] segmental thoracic spinal\[[@ref7]\] and combined spinal-epidural\[[@ref8]\] blocks have been used in patients with relevant medical problems. Recently, it has been shown that laparoscopic cholecystectomy can be done successfully under lumbar spinal anesthesia in healthy patients.\[[@ref9][@ref10]\] The anatomy of the thoracic spinal canal was investigated with MRI in 19\[[@ref11]\] and 50\[[@ref12]\] patients, and it has been demonstrated the safety of the segmental spinal anesthesia at T10 by using the combined spinal-epidural technique\[[@ref13]\] or single puncture.\[[@ref14]\] Recently, it was demonstrated that thoracic spinal puncture presented the same incidence of paresthesia as the lumbar approach, and without neurological sequelae.\[[@ref15]\] We designed a controlled randomized study to compare segmental thoracic or conventional lumbar spinal anesthesia vs the gold standard general anesthesia as three anesthetic techniques for healthy patients scheduled for elective laparoscopic cholecystectomy, evaluating intraoperative parameters, postoperative recovery and analgesia and side effects as well as patient and surgeon satisfaction.

MATERIALS AND METHODS {#sec1-2}
=====================

This controlled randomized study was carried out in 90 patients of either sex, undergoing elective laparoscopic cholecystectomy between January 2010 and March 2011, after the trial protocol was approved by Faculty of Medicine of Zagazig University hospital medical ethics committee. An informed consent (for any one of the three techniques of anesthesia) was obtained from all patients and informed about the probability of conversion to general anesthesia if needed. Inclusion criteria included: patients with uncomplicated symptomatic gallstone disease, ASA I or II, between 20 and 65 years of age, BMI \<32 and normal coagulation profile. Exclusion criteria were patient refusal, acute cholecystitis, pancreatitis or cholangitis, prior laparotomy for upper abdominal surgery, and contraindication for spinal anesthesia. No premedication was given before induction of anesthesia. All patients were monitored with noninvasive blood pressure, oxygen saturation, and end-tidal CO~2~ (EtCO~2~). An 18-G catheter was inserted in the left hand for hydration and administration of drugs. Initially, 500 mL of Ringer\'s lactate were infused for the administration of cephalosporin 2 g, ranitidine 50 mg, omeprazole 40 mg, dexamethasone 10 mg, ondansetron 8 mg, and metochlopramide 10 mg, before the blockade or general anesthesia. A nasogastric tube was not inserted before induction in any patient. Patients were randomized into three equal groups to undergo laparoscopic cholecystectomy with low-pressure CO~2~ pneumoperitoneum under conventional lumbar spinal anesthesia (LSA group), segmental thoracic spinal anesthesia (TSA group) or general anesthesia (GA group) using the sealed-envelope technique. Sealed and numbered envelopes were placed in the operating room and opened only after the arrival of the patient, so the patient and the anesthesiologist did not know the patient group.

In both spinal anesthesia groups, fentanyl (1 μg/kg) and midazolam (1 mg) were administered before the puncture. With the patient in right lateral decubitus, after establishing aseptic conditions, a 25-G pencil-point needle was inserted into the subarachnoid space at the L2/L3 (LSAgroup, 15 μg of hyperbaric bupivacaine 0.5% and 25 mg fentanyl was injected) or at T10/T11interspace (TSAgroup, 7.5 mg hyperbaric bupivacaine 0.5% and 25 mg fentanyl was injected). Patients were kept in right lateral position for about 30 sec. Afterwards, patients were placed in the supine position with a 10-20 degree head-down. The stylet of the needle was used to test the lack of sensitivity of the patient, which should reach the level of T~3·~ Once the goal was achieved, the surgical table was placed in the horizontal position and after which the surgical procedure was started.

In the general anesthesia group (GA group), anesthesia was induced with 2.5 mg/kg of propofol, 2 μg/kg of fentanyl, atracurium 0.5 mg/kg, and lidocaine1.5 mg/kg; all patients were ventilated with oxygen under a face mask, followed by laryngoscopy and tracheal intubation. After intubation the respiratory rate was adjusted to maintain end tidalCO~2~(EtCO~2~) between 33 and 36 mmHg with a tidal volume of 8 mL/kg, and PEEP of 5 cm H~2~O. Maintenance was achieved by using sevoflurane (1.5-2%), increments of muscle relaxant, and controlled mechanical ventilation. EtCO~2~ and sevoflurane were monitored continuously by a gas analyzer. Residual neuromuscular blockade was antagonized with 2 mg of neostigmine and 1 mg of atropine at the end of the surgery.

During surgery, ECG, heart rate, arterial blood pressure, respiratory rate, pulse oximetry, EtCO~2~, were continuously monitored. All data were recorded at 5-minute intervals. Anxiety was treated with midazolam 1 μg, pain with fentanyl 50 mg (If the patient still complained of shoulder pain after the administration of lidocaine), hypotension (20% drop in baseline blood pressure) with i.v. ephedrine 5 mg increments, and bradycardia with atropine 0.50 mg, all given as intravenous boluses as required. The following criteria were established for conversion of the spinal technique to general anesthesia: a necessity for a nasogastric tube, any organ lesion with difficulty to control bleeding, or patient dissatisfaction with spinal technique at any time during the procedure.

Laparoscopic cholecystectomy was performed in all patients by using the same technical principles for the three groups, with the standard 4-trocar technique\[[@ref16]\] with two modification, i.e., pneumoperitoneum was induced with CO~2~, up to a maximal pressure of 9 mmHg in all patients in the three groups, lidocaine 2% 10 mL was sprayed under the right side of the diaphragm injected through a catheter inserted through the xiphoid process trocar.

During surgery, the length of surgery, surgeon evaluation of the quality of anesthesia, the need of supplementary sedation as well as all intraoperative intercurrences especially those related to the type of spinal anesthesia such as shoulder or abdominal pain, headache, nausea, vomiting, and discomfort were recorded. In both spinal anesthesia groups the time until the blockade reached T~3~ is recorded. In the three groups hemodynamic changes, the need of nasogastric tube, time of pneumoperitoneum, time of anesthesia (spinal anesthesia groups: from the puncture to the dressing; general anesthesia group: From intubation to extubation), and the need to increase intraabdominal pressure higher than 9 mmHg were evaluated. At the end of surgery, we evaluated the ability of the patient to move unaided.

Postoperatively, all patients were given i.v. analgesia (ketoprofen 100 mg every 8 hours and acetaminophin 500 mg every 6 h). Postoperative pain was assessed in the three groups using a visual analog scale at 2, 4, 6, 8 and 12 hours, postoperatively. Other postoperative events related to either the surgical or anesthetic procedure, i.e., discomfort, nausea and vomiting, shoulder pain, urinary retention, pruritus, headache, or other neurologic sequelae, were also recorded. The length of stay in the recovery room (the time to full recovery) and the length of hospitalization also were recorded and at the time of discharge patients were questioned about their degree of satisfaction with the anesthetic technique (Patient satisfaction rated by using simple centimeter scales ranging from 0 to 10). Simplified questionnaire form\[[@ref17]\] was developed for surgeons to evaluate comments about the operation \[[Table 1](#T1){ref-type="table"}\].

###### 

Questionnaire form for surgeons
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Statistical analysis {#sec2-1}
--------------------

Sample sizes were calculated for statistically proving at most 5% risk of paresthesia for pencil-point needle, at 80% power and the adopted 5% significance level, were of at least 30 patients per group. Data are statistically described in terms of mean ± SD, median (interquartile range), frequencies (number of cases) and percentages as appropriate. Data were analyzed done using one-way ANOVA with *post hoc* Tukey\'s honest significant difference test. Qualitative data were compared using Chi-squared (χ^2^) test with Yates correction. *P* values less than 0.05 were considered statistically significant. All data were analyzed using SPSS 15.0 for windows (SPSS Inc., Chicago, IL, USA).

RESULTS {#sec1-3}
=======

There was no statistically significant difference between the three groups regarding sex distribution, age, weight, mean body mass index (BMI), anesthesia duration and the length of surgery \[[Table 1](#T1){ref-type="table"}\]. In the three groups, all procedures were completed laparoscopically by the allocated method of anesthesia with no anesthetic conversions. One patient in both TSA group and LSA group complained of paresthesia on spinal needle insertion with good response to slight withdrawal of the needle. The mean (SD) time for the blockade to reach T~3~ level was significantly (*P* \< 0.005) longer in LSA group than in TSA group; 8.6 (1.4) min vs 3.5 (0.7) min, respectively, \[[Table 3](#T3){ref-type="table"}\]. The number of patients in which it was needed to increase the pneumoperitoneum pressure to \>9 mmHg to improve surgical conditions, was significantly more in (GAgroup) than in (TSA and LSA groups) (*P* \< 0.001). The number of patients necessitating nasogastric intubation was significantly high in GA group (40%) compared with no patient in both TSA and LSA groups (*P* \< 0.0005).

###### 

Demographics and characteristics of patients in the three groups
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###### 

Intraoperative anesthetic outcome, complications and medications in the three groups (mean±SD)
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Intraoperatively, after local irrigation of the right diaphragm with lidocaine 2% 10 mL, right-shoulder pain was encountered in six patients (20%) in the TSA group and in five patients (17%) in LSA group. In six patients fentanyl (50 μg) and in five patients fentanyl (100 μg) was required for the relief of this pain with good results and surgery completed successfully. Hypotension was encountered in in 13 (43.3%) patients in LSA group in four patients (13.3%) in TSA group and in two patients (7%) in GA group; the difference between the LSA group and the other two groups was significant (*P* \< 0.005). Hypotension was managed with i.v. ephedrine 5 mg in 11 patients and with ephedrine 10 mg in seven patients. Nausea and vomiting were encountered in only 1 patient in TSA group and in two patients in LSA group. Bradycardia was encountered in one patients in TSAgroup and in five patients in LSA group (*P* \< 0.05).

Postoperative adverse effects, like pain in right shoulder, nusea and vomiting, urinary retention, pruritus, respiratory depression or postspinal headache are presented in [Table 4](#T4){ref-type="table"}. Shoulder pain was significantly more frequent in GA group (30%) compared with both TSA group (10%) and LSA group (7%), (*P* \< 0.05). Nausea and vomiting were significantly more frequent in GA group compared with TSA group and LSA group (*P* \< 0.05). Urinary retention developed in only two patients in LSA group. Neither postspinal headache nor respiratory depression occurred in any patient. The number of patients who were able to move unaided at the end of surgery and the time to full recovery were significantly more in both (LSA group) and (GA group) compared with TSA group), (*P* \< 0.005). The postoperative pain scores encountered in the three groups are shown in [Figure 1](#F1){ref-type="fig"}. Pain scores medians (range) assessed by the Visual Analog Scale was significantly less severe in both (TSA group) and (LSA group) compared with (GA group) at 2hr \[0 (0-2), 0 (0-2), 3.5 (0-10), *P* \< 0.001\], 4hr \[1.5 (0-4), 1 (0-3), 4.2 (1-10), *P* \< 0.001\], 6hr \[1.8 (0-5), 1.6 (0-4), 3.8 (0-10), *P* \< 0.005\], 8hr \[1.3 (0-4), 1 (0-3), 3.3 (0-9), *P* \< 0.005\] and at 12 hours \[1.1 (0-3),1 (0-3), 2.9 (0-7), *P* \< 0.005\], respectively. There was no significant different between (TSA group) and (LSA group) regarding VAS scores. Median hospital stay of patients in TSA group (13 hr) and LSA group (16 hr) was significantly shorter than GA group (26hr) (*P* \< 0.05). In TSA group 25 patients were discharged on same day vs 10 patients only in GA group. At the time of discharge, the satisfaction score of ≥8 were reported in 100% of patients in (TSA group) i.e., "very satisfied" as compared to 87% and 90% In the LSA group and GA group respectively \[[Figure 2](#F2){ref-type="fig"}\]. Three patients reported "0" i.e., very dissatisfied" because of prolonged immobility in LSA group. In the GA group, two patients reported "0" because severe postoperative shoulder pain. The surgeons reported that there was good muscle relaxation and no technical problems and that both techniques of spinal anesthesia were not different from general anesthesia.

###### 

Postoperative adverse effects ad outcome (mean±SD) in the three groups
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![Pain scores on VAS in the three groups](AER-6-167-g005){#F1}

![The satisfaction score of patients in the three groups](AER-6-167-g006){#F2}

DISCUSSION {#sec1-4}
==========

The main finding of our study not only confirmed that both segmental TSA and conventional lumber spinal anesthesia (LSA) are safe and good alternatives to general anesthesia (GA) in healthy patients undergoing laparoscopic cholecystectomy but also showed better postoperative pain control of both spinal techniques when compared with general anesthesia. Segmental TSA (using 7.5 mg bupivacaine and 25 μg fentanyl) provided better hemodynamic stability with less hypotension and vasopressor use and early ambulation compared with conventional lumbar spinal anesthesia (bupivacaine 15 mg and 25 μg fentanyl). A previous study using pencil-point spinal needle showed 5% incidence of paresthesia.\[[@ref13]\] Also a 6.6% incidence of paresthesia without neurological sequlae was reported in a study of 300 patients undergoing thoracic spinal puncture i.e., the same incidence as for lumbar puncture. Also the same study concluded that all paresthesia are transitory and that lower thoracic puncture is safe.\[[@ref15]\] In our study, one patient (3.3%) in both spinal groups (TSA and LSA) experienced paresthesia using the same pencil-point spinal needle.

Major intraoperative problems with laparoscopic cholecystectomy under spinal anesthesia are severe right shoulder pain and hypotension.\[[@ref9][@ref10]\] It has been reported in previous studies that intra-abdominal pressure below 10 mmHg decreases abdominal and respiratory discomfort of diaphragmatic irritation.\[[@ref6][@ref18]\] The reported incidence for intraoperative right-shoulder pain requiring i.v. fentanyl administration in previous studies ranged from 13 to 55.2%.\[[@ref10][@ref17][@ref19]\] Yuksek *et al*. In their study\[[@ref17]\] reported the highest incidence of intraoperative right shoulder pain requiring i.v. fentanyl administration or necessitating anesthetic conversion, such pain was encountered in 16 patients (55.2%). In three patients, it was severe enough to necessitate anesthetic conversion, and in five patients, additional spraying of the diaphragm with 2% lidocaine solution was required for control of the pain. Tzovaras *et al*. reported right-shoulder pain incidence of (13%)\[[@ref19]\] and an incidence of (20%)\[[@ref9]\] requiring i.v. fentanyl In their pilot, and later prospective randomized study, respectively. Also in a recent study by Imbelloni *et al*.\[[@ref10]\] the shoulder pain incidence was (47%). In our study, local irrigation of the right diaphragm with lidocaine 2% 10 mL decreased right shoulder pain incidence to (20%) and(17%) in TSA group and LSA group, respectively, and pain was relieved successfully with 50 μg or 100 μg fentanyl. Hypotension is a well-known problem of spinal anesthesia that was easily managed and did not affect the planned procedure.\[[@ref9][@ref10]\] Hypotension is due to sympathetic blockade and mechanical effect of pneumoperitoneum. An incidence of (10%) with segmental thoracic spinal\[[@ref13]\] and (59%)\[[@ref9]\] and (41%)\[[@ref10]\] with conventional lumbar spinal were reported previously. In the present study severe intraoperative hypotension which required treatment with ephedrine occurred in (43.3%) in LSA group patients compared with (13.3%) of TSA group and (7%) only in GA group patients. In our study segmental TSA resulted in better hemodynamic stability with significantly lesser vasopessor support than lumbar spinal anesthesia. In the present study, we used a low-pressure pneumoperitoneum at a maximum of 9 mmHg in all groups to minimize diaphragmatic irritation which cause respiratory problems, vagal stimulation and bradycardia with anesthetic conversion. This is consistent with all previous studies keeping the intra-abdominal pressure at 8-11 mmHg instead of the standard 14-15 mmHg,\[[@ref9][@ref12][@ref19]\] except Yuksek *et al*. used an intra-abdominal pressure of 15 mmHg.\[[@ref17]\] with more anesthetic conversion in their study. Low-pressure pneumoperitoneum did not affect the space and surgical view in both spinal groups in our study and all procedures were completed without technical difficulty. Also O~2~ saturation and P~ET~ CO~2~ were normal during both TSA group and LSA group confirming safety of both techniques even without tracheal intubation because of good muscle relaxation produced by the high level of sensory and motor block. In GA group, it was needed to increase pneumoperitoneum above 9 mmHg in 11 (37%) of patients.

Postoperatively, 30% of patients in the GA group compared with (10%) and (7%) in TSAgroup and LSAgroup, respectively, developed right shoulder pain. We believe that irrigation of 2% 10-ml lidocaine on the right hemidiaphragm contributed for the reduction in the incidence of shoulder pain in both spinal techniques and this was in agreement with a previous study.\[[@ref20]\] Nausea and vomiting are particularly troublesome after laparoscopic cholecystectomy under general anesthesia\[[@ref21]\] while not common after spinal anesthesia.\[[@ref7][@ref17][@ref19]\] In our study, the higher incidence of postoperative nausea and vomiting in the GA group (20%) compared with (3.3%) in both spinal groups suggests that this smoother postoperative course is related to spinal anesthesia itself. Postoperative urinary retention occured in two patients (6.7%) of LSA group with no prolongation of hospital stay. Neither postspinal headache nor respiratory depression occurred in any patient. Segmental TSA may be excellent and have an advantage in ambulatory surgery because of the faster recovery, enabling (87%) of patients to ambulate unaided at the end of surgery and the less hospital stay compared with conventional lumbar spinal and general anesthesia. In the present study, Pain assessed throughout any time in the postoperative period at 2, 4, 6, 8 and 12 hours was significantly lesser in the TSA group and LSA group compared to GA group, which is due to residual analgesic effect of local anesthetic and fentanyl in subarachnoid space and decrease in discomfort due to absence of a tracheal tube and its problems with avoidance of general anesthesia.\[[@ref4][@ref9]\] The superiority of both techniques of spinal anesthesia over general anesthesia in postoperative Pain relief, an important component for smooth rapid recovery, was clear. In a previous study\[[@ref13]\] with segmental thoracic spinal, all patients were satisfied with the procedure. In a recent study on 3492 paients,\[[@ref22]\] the technique of choice for laparoscopic cholecystectomy by patients was the spinal anesthesia. In our study, there was no statistically significant difference between the three groups as regards the degree of patient satisfaction with the anesthetic technique, although the higher degree of satisfaction scores were recorded in patients under segmental TSA. Good muscle relaxation produced by the high level of sensory and motor and sympathetic block in both spinal techniques may explain the surgeon\'s report of good abdominal muscle relaxation as compared to general anesthesia.

CONCLUSIONS {#sec1-5}
===========

The present study not only confirmed that both segmental TSA and conventional lumber spinal anesthesia (LSA) are safe and good alternatives to general anesthesia (GA) in healthy patients undergoing laparoscopic cholecystectomy but also showed better postoperative pain control of both spinal techniques when compared with general anesthesia. Segmental TSA provides better hemodynamic stability, lesser vasopressor use and early ambulation and discharge with higher degree of patient satisfaction making it excellent for day case surgery compared with conventional lumbar spinal anesthesia.
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